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MINING METHODS AND COSTS, JAQUAYS MINING CORP., GILA COUNTY, ARIZ. Y 


by 


L.A. Stewaria/ 


INTRODUCTION 


This is one of a series of reports prepared by the Federal Bureau of 
Mines on mining methods, performance, and costs at individual mines in the 
United States. The primary purpose of these papers is to promote development 
and conservation of our mineral resources by disseminating technological 
information on methods, practices, and results that may be applied to the 
engineering analysis and solution of mining problems. 


This report discusses the highly selective mining methods of the Jaquays 
Mining Corp. at the Regal asbestos mine, 45 road miles northeast of Globe, 
Ariz. The milling method at the Globe plant is discussed briefly, and the 
extraction ratios of the various grades of fiber are tabulated. The proposed 
flowsheet of a new mill under construction is shown. 


The Jaquays Corp. purchased the Chrysotile property (old Johns-Manville 
mines) about May 1, 1959, and immediately started rehabilitation work. No 
detailed data are available to the author on work done by Johns-Manville in 
the 1940's or on that done by subsequent operators after the sale of the prop- 
erty in 1951. However, as a historical note, the operation in 1930-31 is 
briefly discussed and various operating costs are given. 


Figure 1 is a panoramic view of the Regal mine area. 
ACKNOWLEDGMENTS 
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Google 


LOCATION AND PROPERTY 


The Jaquays Mining Corp. owns three separate groups of mining claims 
situated in the Tonto National Forest northeast of Globe, Gila County, Ariz. 
(fig. 2). 


The Regal group consists of 5 patented and 38 unpatented claims situated 
along Regal Canyon (formerly known as Corral Creek) on the south side of Salt 
River (figs. 3 and 4), The claims lie in unsurveyed land, Gila and Salt River 
base and meridian, in what probably will be sec. 36, T. 6 N. and sec. l, 

T. 5.N., R. 16 E., when surveyed. The mine is at the end of a 9.5-mile graded 
road that branches off paved U.S. Highway No, 60, 1/2 mile north of Seneca 
(36 miles north of Globe). 


The Chrysotile property consists of 76 claims, of which 22 are patented. 
The claims are situated in unsurveyed land along Ash Creek, mainly in what 
probably will be sec, 32, T. 5 N., R. 17 E., when surveyed, The property is 
at the end of a fair, graded 3-mile road that branches west from U.S. Highway 
No. 60, 32 miles north of Globe. 


The Jaquays Corp. also owns five unpatented Asbestos King claims on which 
the old Canadian mine is situated. The claims lie in unsurveyed land, probably 
in what will be sec. 3, T. 5 N., R. 17 E., when surveyed, They are accessible 
by 1 mile of dirt road that branches north from the Regal mine road, 4 miles 
from U.S, Highway No. 60. Mining work was stopped here about 1957, Because 
the production by desultory work at various periods since 1951 has been small, 
no further mention will be made of this property in this report. 


The three properties are accessible throughout the year, except for a few 
days after heavy rain or snow storms when the dirt access roads are virtually 
impassable. 


The Globe mill is opposite the junction of U.S. Highways Nos. 60 and 70 on 
the east side of Globe, and a new mill under construction in June 1959 is sit- 
uated between U.S. Highway No. 70 and the Southern Pacific railroad 2 miles 
southeast of Globe. The new mill hereafter will be referred to as the 
"Highway 70 mill". 


HISTORY AND PRODUCTION 


The nucleus of the Regal property consisted of nine claims located in 
1916 by J. A. Larson. In 1917 the Colorado-Arizona Asbestos Mining Co. mined 
small quantities of asbestos for testing purposes; in 1918 production was 
reported to be about 100 tons of crude Nos. 1 and 2. During 1919 the Denver 
Arizona Asbestos Mining Co. produced some fiber from this mine. 


E. Schaaf-Regelman purchased the property in late 1919, relocated the 
claims, added many more to the group, and in 1921] reorganized as the Regal 
Asbestos Mines, Inc. The property, then consisting of 25 claims, was idle 
except for assessment work from April 1921 until 1925. During 1926 and 1927, 
lessees were its principal, but intermittent, operators, producing about 200 
tons of crude No. 1. In June 1927 the company resumed regular development and 
production, erected a mill the following year, and continued operation until 
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FIGURE 1. - Panorama of Regal Mine Area. 
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June 1929, shipping approximately 10 cars of fiber. The mill was reported to 
have a capacity of 30 tons of mill rock per 8 hours for mechanically cobbing 
and grading crude fiber. 
The lower part of the 
ARIZONA mill was equipped to pro- 
duce fiberized grades. 


GILA COUNTY 


In 1937 the Arizona 
Chrysotile Asbestos Co. 
acquired the property and 
made substantial yearly 


Po yf 


This mill had been con- 

structed with Defense 
Plant Corporation aid in 

%, NATIONAL 

% 1943-44 by the 

Southwestern Asbestos 


& x sea. — See figure 4 oN production under various 
a ‘ R mine \ "5 IN managements through 1948, 
“oS - earedianiae 2) when the mill was 
SS 2 we | destroyed by fire. Only 
. ie , desultory work was done 
No, ae by lessees the following 
SSNS ee | year. Late in 1949 the 
*: company acquired an idle 
TONTO | asbestos mill in Globe. 


“hee ou | 
rae \ FOREST SENECA Corp. In December 1950 
. | the Arizona Chrysotile 
4 Asbestos Co. resumed 
en ees RR | operations of the mine 
Scale in miles Ne 35) and mill, under the man- 
x Suey soins Io agement of D. W. Jaquays. 
Pree El Dorado It is estimated that the 
ee a 7? f company produced about 
See ONDARY _. : 3,400 tons, all grades of 
Me \ | fiber, from 1937 to 1952. 
J {10 Giove In June 1952 the 
_ Jaquays Mining Corp. pur- 
FIGURE 2. - Location Map, Jaquays Mining Corp. chased the holdings of 
Properties. the Arizona Chrysotile 


Asbestos Co. and has 
Maintained a constant production from that time, producing through 1958 a 
total of over 3,500 tons of fiber of all grades. 


Although the foregoing figures are estimates in part, the total produc- 
tion of the Regal mine through 1958 was about 7,700 tons of fiber of all 
grades, making it the second largest producer in Arizona. 


Historical data on methods and costs at the Chrysotile mine are presented 
in this report for comparison with present day methods and costs at tne 
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FIGURE 3. - Claim Map of Regal Group, Jaquays Mining Corp. 
DESCRIPTION OF THE DEPOSIT 


A brief discussion of the general geology and mode of occurrence of 
asbestos is essential to an understanding of the mining methods employed. 


The asbestos-bearing strata of central Arizona are in the Precambrian 
Mescal limestone formation of the Apache group. Dripping Spring quartzite 
underlies and Troy quartzite overlies the Mescal formation, which is divisible 
into three members: A lower member 175 to 200 feet thick 3 an algal-limestone 
member 80 to 100 feet thick; and an upper member 10 to 80 feet thick. 


In the lower member, the individual beds range from 1 inch to 6 feet in 
thickness. The thin beds are impure dolomitic limestone; the thicker, more 
massive beds are relatively pure crystalline limestone and occur within the 
topmost 45 feet of this members; most of the asbestos deposits of the region 
are within this stratigraphic interval. 


The algal-limestone member, which overlies the lower member, is massively 
bedded and usually is composed almost entirely of spheroidal masses that have 
a concentric, shell-like structure with a maximum diameter of several inches. 
It generally forms cliffs and is the most readily recognized horizon marker in 
the Mescal formation. 
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The upper member consists of layers of siltstone (usually brown to black), 
thin shale, and sandy or shaly limestone beds. This member is present only in 
a few places in the region. 


The Apache group has been intruded by diabase sills a few inches to sev- 
eral hundred feet thick. The sills usually are found along bedding planes, 
but locally they may cut across the bedding. Diabase dikes, most of which are 
only a few feet wide, also have intruded the limestone. 


Asbestos invariably is found in veins within bands of serpentine. The 
veins vary from a fraction of an inch to several inches thick and roughly par- 
allel the border of the enclosing serpentine. This serpentine and associated 
asbestos were formed within favorable limestone beds that were adjacent to or 
relatively near a diabase intrusion. The greater the folding or fracturing of 
the beds caused by the intrusion, the larger the deposit is likely to be. 


Arizona asbestos is of the chrysotile variety, a hydrous magnesium sili- 
cate with the same composition as serpentine. The fibers of chrysotile occur 
as cross fibers; that is, the fibers of which the material is composed and 
into which it may readily be separated lie approximately perpendicular to the 
walls of the vein. 


Cross-fiber chrysotile occurs as two distinct types, harsh and soft. 
Soft fiber feels smooth or soapy and can be twisted and bent between the fin- 
gers. The individual fibers usually are extremely flexible and strong. Harsh 
fiber is splintery, prickly, and somewhat brittle, so a small bundle of it 
breaks if twisted a number of times. All gradations between the harsh, brittl 
fiber and the soft, silky fiber can be found in the region. 


A more detailed discussion of the general geology and mode of occurrence 
is presented in "Chrysotile-Asbestos Deposits of Arizona".3 


In the vicinity of the Regal mine the three members of the Apache group 
are exposed. 


The asbestos-bearing serpentine zones within the mine area occur at three 
horizons in the lower limestone member of the Mescal formation. One zone is 
immediately under the base of the algal member; the other two are 29 and 35 
feet lower in the section. The lower two have been the most productive. The 
lower zone is 19 feet above the top of a concordant diabase sill that is at 
least 300 feet thick. 


A persistent l- to 3-inch band of impure dark bluish-green serpentine 
occurs along a bedding plane at 21 feet above the diabase contact. The lower 
ore band is about 1 foot below and the upper ore zone is 5 feet above this 
serpentine band. It is locally called the “oscar", is found in all parts of 
the mine and along the surface outcrop, and is a reliable marker that indicate 
the favorable beds, The location of the ore bands is very important to an 
understanding of the mining method now in use. 


Stewart, L. A., Chrysotile-Asbestos Deposits of Arizona: 
Dnfy Cares. f00G6 195o. T24 De. 
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In the mine area, the predominant factor in the concentration of asbestos 
within the favorable beds has been the shattering and warping of these beds by 
a belt of thrust faults. The belt has a general course of S, 259 E, Struc- 
tural deformation has been caused by the underlying diabase intrusion, Asbes- 
tos ore is present on the limbs of folds and flanks of domelike structures and 
occurs in greatest concentration where small thrust faults cut these dipping 
beds. As the beds flatten, the asbestos content decreases, 


Although the mine workings are continuous along the mineralized Regal 
fault zone, production has been attained from three interconnected mine units, 
herein defined as the Old Regal, New Regal, and Navajo workings (figs. 5 and 
6). 


In the Old Regal workings, a network of faults associated with the 
thrusting formed a domelike structure (sec. A-A, fig. 7). Along the east side 
of the mine at the north end, the asbestos mineralization terminates when the 
underlying diabase sill cuts discordantly downward. 


In the New Regal workings, the fault pattern consisted of several paral- 
lel thrusts that gradually stepped up the ore horizons into a monoclinal 
structure (sec. B-B, fig. 7). At the south end of the workings a postmineral- 
ization 7-foot vertical diabase dike was encountered. It strikes N. 72° W. 
and cuts the limestone and underlying diabase sill. Buckling of the lime- 
stone beds and the development of gouge along the dike walls indicate fault 
movement, but the slip is only a few inches. The only noticeable effect on 
the fiber zones is the increased harshness of the asbestos for a few feet on 
each side of the dike. 


In the Navajo workings, an abrupt steepening in the moderately sloping 
beds is caused by a southeast-trending flexure that places about 20 feet of 
the ore zones in a nearly vertical attitude (fig. 7, sec. D-D). 


Mining has been conducted southward along the course of the mineralized 
fault zone for 2,500 feet. The stopes at the south end of the mine are 
approximately 550 feet below the surface. The limestone formation west of the 
Regal fault zone lies relatively flat, and in the stratigraphic interval in 
which the mining operations are conducted the thickness of the individual beds 
varies from 6 inches to 3 or more feet. The limestone is compact, fine 
grained, and moderately hard, but drills fairly easily and breaks well. No 
supports are needed in drifts and raises. 


The diabase encountered in development drifts and raises below the lime- 
stone section is a compact, homogeneous, fine- to medium-grained rock, some- 
what harder than limestone, but the diabase drills, breaks, and stands about 
as well as the limestone. Because there are no bedding planes in the diabase, 
the back holes and lifters need to be drilled closer to the top and bottom of 
the drift. 


The 6- to 12-inch serpentine-asbestos band of the upper ore zone is at 


the bottom of a 3- to 4-foot limestone bed. It is a competent member that 
forms an excellent stope back. Openings up to 50 feet wide have been left 
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unsupported during stoping operations, but usually the placing of backfill 
decreases the unsupported width to about 20 feet. As stoping progresses, the 
roof gradually flexes downward and settles on the backfill without fracturing. 
Pillars are left in areas that are intensely fractured. 


The approximate weight in place of 1 cubic yard of the serpentine-asbes- 
tos material of the ore zones is 4,200 pounds; of limestone and diabase, 4,500 
and 5,000 pounds respectively. 


The degree of mineralization of the two fiber-bearing bands is not con- 
tinuous; usually both are minable, but occasionally only one contains commer- 
Cial asbestos. A peculiarity of the deposit is that if the asbestos content 
of one of the zones becomes insignificant, the other generally becomes better 
than average. 


METHODS OF PROSPECTING AND EXPLORATION 


The prospecting phase on the Regal ore body was relatively simple, because 
asbestos-bearing serpentine cropped out in the limestone cliffs on the south 
rim of Salt River Canyon. The first prospectors soon delineated the 400 feet 
of asbestos-bearing strata with pits and opencuts and then extended drifts 
into the better parts of the ore body. Although the favorable beds can be 
traced nearly a mile along the hillside on the east side of Regal Canyon, the 
outcrops have no ore, and surface prospecting is useless. 


Adits driven to intersect the ore body in advance of the underground 
workings are considered by the company to be development work rather than 
exploration work. When these development adits are extended under the ore 
zones in advance of stoping operations, occasional holes are drilled upward to 
check the asbestos content of the ore horizon. Holes up to 25 feet long are 
drilled with the same feed-leg machines used in drifting, except that 3-foot 
sectional steel is used. 


When the diabase dike was encountered at what was then the south end of 
the mine, there was a question of continuity of the ore deposit south of the 
dike. Exploration to check the ore horizon in advance of the workings was 
accomplished by long-hole drilling from several setups. A 4-inch jumbo- 
mounted drifter drill with an 8-foot chain feed was used. The machine was 
Capable of drilling up to 150 feet at an inclination of 30°, Eight-foot sec- 
tions of l-inch hexagonal steel were used with a 2-1/4-inch 4-point bit set 
with tungsten-carbide inserts. Drilling water from a nearby sump was recircu- 
lated with a pneumatic 3- by 2- by 3-inch duplex reciprocating piston pump 
mounted on the jumbo. The average drilling rate of this rig was 150 feet per 
shift. 


At other places in the mine, exploratory drilling had been done with a 
small pneumatic diamond drill. Its use did not prove satisfactory, as the 
progress was slow and the asbestos fibers tended to plug the bit. 


In 1958 it was decided to ‘test the structure by drilling on the projected 
strike of the Regal fault zone, about one-half mile southeast of the Navajo 
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FIGURE 7. - Sections, Regal Mine. 
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adit site. A pilot road was constructed up the hillside to drilling sites 
northeast of the camp. A 4-1/2-inch pneumatic track-mounted drill was 
employed, using 10-foot sections of 1-1/4-inch hexagonal steel with 2-3/4-inch 
4-point bits and tungsten-carbide inserts on the cutting edges. The limestone 
was found to be shattered and blocky, and after making several unsuccessful 
attempts to penetrate the formation this exploration program was discontinued, 
None of the holes was deep enough to encounter diabase. 


METHOD OF ESTIMATION OF TONNAGE VALUE 


The cutting of face samples in an asbestos mine to determine the percent- 
ages of the various grades is considered impracticable.4/ Jaquays has devised 
a visual method of determining the face value of the headings. He estimates 
the average cumulative thickness in inches of all fiber veins in the heading 
and. the fractional parts of the vein that represent each of the four crude 
grades.2/ For proportionate calculations, the value assigned to each inch 
unit in the discussion that follows is the average market value per ton of 
that grade: No. 1, $1,500; No. 2, $9003; No. 3, $4003 No. 4, $200. 


As an example, there is an average cumulative thickness of 2 inches of 
fiber in the working face that has 1 inch of No. 1, 1/2 inch of No. 2, and 
1/4 inch each of Nos. 3 and 4. The value per ton of such fiber is quickly 
estimated on the inch basis: 1 inch of No. 1 = $1,500 x 1 or $1,500s3 1/2 inch 
of No. 2 = $900 x 1/2 or $4503 1/4 inch of No. 3 = $400 x 1/4 or $1003; and 
1/4 inch of No. 4 = $200 x 1/4 or $50, a total of $2,100-inches, or a fiber 
value of $1,050 per ton ($2,100-inches) $ (2 inches). Dividing $2,100-inches 
by 84 (the average height of the working face in inches) gives a value of $25 
per ton of rock to be broken, or "face ton" as it is called at this mine. 


By experience, Jaquays has determined Ch the cut-off point for profit- 
able mining is $12 per face ton. He states,© "Bands of asbestos totaling 
only 1-1/2 to 2 inches of fiber may be mined profitably in a 7-foot-high head- 
ing, if at least half of the fiber is No. 2 grade or better." An example of 
near-minimum value would be 1-1/2 inches of fiber showing 3/4 inch No. 2 or 
better (about one-third of the fiber is No. 1), 1/2 inch of No. 3, and 1/4 
inch of No. 4. The "dollar-inch" value would be: No. l, $1,500 x 1/4 or $375; 
No. 2, $900 x 1/2 or $450; No. 3, $400 x 1/2 or $2003 and No. 4, $200 x 1/4 or 
$50, giving a total of $1,075-inches. The face-ton value then would equal 
$1,075-inches divided by 84 inches (height of working face) or $12.80. The 
fiber value in this case would be $1,075-inches = 1.5 inches, or $717 per ton. 


4/ Stewart, L. A., and Haury, P. S., Arizona Asbestos Deposits, Gila County, 


Ariz.: Bureau of Mines Rept. of Investigations 4100, 1947, p. 16. 

5/ The Arizona standard classification of crude grades is given in the sec- 
tion "Milling and Grading," p. 46, 

6/ Jaquays, D. W., and Gerhardt, Alvin W., How Low-Iron Chrysotile Asbestos 
is Mined and Milled in Central Arizona: Min. World, vol. 19, No. 8, 
July 1957, p. 54. 
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In this example, if there was no No. 1 fiber, the face-ton value would be 
$11, below the cut-off value for profitable mining although the fiber value is 
$616 per ton. 


However, in cases where more than 1-1/2 inches of fiber shows, a lower 
dollar value fiber can be mined, as long as the face-ton value is over $12 per 
ton. As an example, 2 inches of $600 fiber or 3 inches of $400 fiber would 
give $1,200-inches, which is about average for the Regal mine. 


DEVELOPMENT AND MINING (GENERAL) 


Old Regal Workings 


The Regal mine originally was developed by several adits along an outcrop 
that was exposed for about 400 feet along the cliff face. The adits eventually 
were connected as stoping progressed. Random pillars were left and as much 
waste as possible was hand shoveled into the backfill. Three raises were put 
up to test the ore horizon 30 feet above, but at that horizon only one small 
area at the north end of the deposit was productive. Except for the adit on 
the east side of the deposit, the entries have become inaccessible, as has the 
stoped area near the surface. A description of the mine in 1928 was published 
by the Arizona Bureau of Mines./ 


Nhen the Jaquays Mining Corp. purchased the property in 1952, the mining 
area was about 1,000 feet from the portal of the east adit. 


New Regal Workings 


In 1953 the New Regal adit was driven from a cliff face west of the ore 
body to intersect the mineralized area about 350 feet south of the old work- 
ings. The adit was situated 65 feet above the road and 2 feet above the oscar 
bed, Concurrently with this work, a haulage level was driven 20 feet beneath, 
and waste and ore transfer raises were put up to the adit above. 


Commercial ore was encountered at floor level, 100 feet from the portal 
of the New Regal adit. Drift pillars, 75 feet long by 15 feet wide, were left, 
and stopes were developed north and south of the pillars. Figure 8 shows a 
block of ore that has been pried from the face. It represents the full thick- 
ness of the lower ore zone, the top of which is a 3-1/2-inch band of fiber. 
The oscar marker bed that overlies the ore zone can be seen in the wall. 


Qwing to the gradual rise of the ore horizon as the adit level progressed 
eastward on a tramming grade, the adit passed under the ore zone, and stope 
drifts were required to open the stope panels. Raises became necessary to 
transfer the ore from the stopes to the adit level, which in effect now had 
become an intermediate level and will be so-called hereafter (fig. 7, sec. 
C-C). A cobbing grizzly had been installed over a two-compartment raise, 50 
feet inside the portal, and later it became necessary to install a second 


ay Nilson, Eldred D., Asbestos Deposits of Arizona: Arizona Bureau of Mines 
Bull. 126, 1928, pp. 48-55. 
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FIGURE 8. - A 3%Inch Band of Fiber in Lower Ore Zone. 


Similar cobbing station nearby. From separate chutes on the haulage level 
below, the waste and the cobbed ore were trammed to the surface. 


The haulage level was extended beneath the southwest fringe of the ore 
body, and laterals were extended eastward under the area to be mined. Raises 
were driven to the ore horizon for disposal of waste from the mining opera- 
tions. Because the cobbing stations were situated on the intermediate level, 
tramming of ore necessarily was confined to that level. 


When driving the intermediate and haulage drifts, the muck was loaded 
into cars by means of portable ramp loaders, on which were mounted double-drun, 
air-driven slusher hoists. 


Navajo Workings 


In order to develop extensions of the ore body indicated in the advanced 
workings of the New Regal mine, the Navajo adit was started early in 1957. It 
was situated 1,200 feet farther to the south and driven on a bearing to inter- 
sect the mineralized area about 500 feet in advance of the New Regal workings. 
The elevation of the portal track was calculated to meet the interior grade of 
the New Regal haulage level. Fortuitously, this elevation was 8 feet below 
the marker bed, and, except for minor fluctuations, the bed was the back of 
the adit for 850 feet, at which point commercial ore was encountered. 
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On the assumption that the attitude of the ore horizon would be similar 
to that encountered in the New Regal workings, a more economical mining method 
was designed. The main drift was to serve for both waste and ore haulage; the 
latter was accomplished by placing the cobbing station outside the portal. 
When the ore horizon inclined above the haulage level, it was developed from 
raises and stope drifts, thus eliminating the intermediate level. 


All drift and stope drilling is done with a 2-5/8-inch bore air-leg drill 
with a 3-foot feed, using one-piece, 7/8-inch hexagon steel with a 1-5/8-inch 
chisel bit set with tungsten-carbide inserts. Raising usually is done with 
the same «ype of drill, but it has a 3-foot telescopic feed lift. The opera- 
tor stated that this particular combination of drilling equipment was selected 
after considerable experimentation. 


Only 6- and 8-foot lengths of drill steel are purchased. Usable shorter 
lengths accumulate from steel breakage. When the break occurs near the shank 
end, the steel is re-shanked; if it occurs near the bit end the steel is upset 
and threaded for use with screw-type detachable bits, or tapered in the com- 
pany shops for one-pass carbide bits. Any one of these repairs costs $2.25 
each. Both chisel and 4-point detachable tungsten-carbide insert bits are 
available at the mine. The latter, attached to short steel, generally are 
used for drilling l-foot pinholes for sheave anchors. For longer holes, the 
operator uses the chisel bit, which drills rock faster because of more effi- 
cient chip clearance and is superior to 4-point cross bits when drilling in 
fiber-bearing serpentine. The 1-5/8-inch hole provides ample room for the 
1-1/8- by 8-inch dynamite cartridges. 


Repair costs have been low, although 200 to 300 feet of drilling per 
machine is done each day. Chucks and water tubes require replacement approxi- 
mately every 30 days, at a cost of not over 68 cents per operating shift. The 
average total life of the drills is not knowns; the oldest ones have been in 
use only 5 years. 


In drilling with feed-leg machines, no steel changes are necessary; the 
hole is started and finished with one piece. The only bit sharpening done is 
touching up the cutting edges on a small pneumatic grinder. 


When drilling the bottom ore holes at floor level, some miners prefer to 
use a conventional jackhammer. Two paving breakers also are available for 
hitch cutting in raises and for breaking pieces of ore too large to handle at 
the stope faces; however, most of the ore sorters prefer sledging the pieces, 
as the ore is easily broken along planes of stratification. 


All mine rail in the Navajo workings is l16-pounds; the two older mines 
used 12-pound rails. 


Development Details 


The Navajo adit was driven 125 feet on company account. After the portal 
sets had been installed, a mucking machine was used. Timbering was required 
for the first 50 feet because of the shattered, near-surface rock conditions. 
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The timbered section has a minimum width of 6 feet and a clearance of 7 feet 
above track level. In solid rock the minimum cross section is 6 by 8 feet. 
Standard 18-inch gage track, using l6-pound rails on 4- by 6-inch ties spaced 
at 36 inches, was laid on a 0.75-percent grade. Previous experience had shown 
this to be the optimum grade for hand-tramming 20- and 30-cubic-foot mine cars. 


Beginning at 125 feet from the portal, where the bearing of the adit was 
to be changed, the work was contracted. The contractor worked 2 shifts daily 
and, according to company policy, on a l2-day-on and 2-day-off basis. Six-foot 
rounds were drilled, using a one-piece, 6-foot drill steel and a 3-foot feed 
leg. 


A standard development round, consisting of a total of 22 holes with a 
five-hole box-burn cut at the center, was used (see fig. 9). In this round 
the center burn hole is not loaded. Normally, the other four burn holes and 
the lifters are loaded with eight or nine sticks and the remainder each with 
six sticks of powder, all without stemming. Gelodyn No. 3, 45 percent semi- 
gelatin, redislit, 1-1/8- by 8-inch cartridges are used, detonated with fused 
No. 6 blasting caps ignited by a hot-wire fuse lighters; each round requires 
about a 50-pound box of powder. The round usually breaks to the bottom of the 
holes. 


Electric blasting caps were used when driving through the water-saturated 
fold described under "Mine Drainage." With only one heading, two men were 
employed on each shift, the miner doubled as mucking-machine operator and 
driller and the other man as trammer and helper. The first half of the shift 
was devoted to cleaning the heading of muck from the previous blast, usually 
loading 15 or 16 30-cubic foot cars and laying track, air, and water lines. 
Drilling, loading, and blasting required an average of 3 hours 45 minutes; 
minimum time was 1 hour less. The night shift, coming on 3 hours later, 
repeated the same sequence of operations. No timbering was required. 


As development proceeded, and two or more headings became available, the 
crew of each shift was increased to two miners, a mucking-machine operator, 
and two trammers. 


Soon after passing under the uptilted ore body, the development drifts 
entered diabase. The drilling time, rate of advance, and amount of dynamite 
used were virtually unchanged. The only variation to the standard drilling 
pattern employed in limestone was to drill the top holes and lifters closer to 
the back and floor. The variation was due to rock structure; limestone easily 
breaks to bedding planes, but diabase is homogeneous. 


The development-drift contract was continued until the north drift was 
connected with the New Regal workings and the main adit and a lateral were 
well under the ore body. The main adit then was extended to the surface from 
the bend near the portal, a distance of 135 feet. After the first 60 feet, 
timbering was required and the company completed drifting to surface. With 
this second entrance in operation, surface disposal of waste was independent 
of the ore-delivery trackage. 
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| Oscor bed 
10 to l2 


STOPE DRIFT ROUND 


Numbers signify firing order. 
Center burn hole not loaded. 


FIGURE 9. - Blasting Rounds for Development Drift. 


The contract work then was shifted to certain stope drifts that would 
extend the stope faces that had been opened by the company concurrently with 
the later contract development drifting. 


Contract work in stope drifts was confined to removal of barren limestone 
between the two ore zones. Stope drifts, restricted to the height of the 
waste band (4 to 5 feet), were driven 10 to 12 feet wide, following the incli- 
nation of the limestone bedding. A 6-foot round was blasted and slusher 
scraped to the nearest raise. After two rounds had been driven, the ore from 


both ore zones was removed by company miners as described elsewhere in this 
paper. 
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From this clean face, now 6 or 7 feet high, the primary stope drift oper- 
ation was repeated. Payment for contract work of this type was on a cubic- 
foot basis, as were slabbing rounds in the development drifts for turnouts or 
widening for track curves in the development drifts. 


A typical 15-hole drill round for removal of barren limestone in a stope 
drift is shown in figure 9. The holes, drilled parallel to the stratification, 
are placed so that the oscar bed will be the floor and the bottom of the upper 
ore zone will be the back of the primary drift. 


The average loading was one stick of dynamite per foot of hole, with two 
additional sticks in each of the four burn holes and the three lifters, or a 
total of 42 pounds of Gelodyn. 


After development had produced several headings and sufficient stope 
faces, contracting was discontinued, but the company continued a decelerated 
development program. In July of 1959 one miner was employed exclusively on 
extending development drifts and putting up raises. He started his shift at 
noon and occasionally drilled and blasted two faces daily. A mucking machine 
operator devoted the first half of a regular day shift to clearing development 
waste ahead of the afternoon driller. 


The lateral development drifts are driven parallel to the main adit and 
spaced at 200-foot intervals. Raises normally are 65 feet apart, except where 
the attitude and irregularities of the ore body require closer spacing. 


Raises with a minimum cross section of 4 by 4 feet are centered in the 
side of the drift at roof elevation (fig. 10). The raises are driven two 5- 
foot rounds at an inclination of 45°, then vertically to the bottom ore band. 
A 13-hole box-burn minature drift round is used. The center burn hole is not 
loaded, The other four burn holes are loaded with eight sticks each and the 
remainder of the holes with six sticks each, or a total of approximately 30 
pounds of Gelodyn No. 3. When the bottom of the lower ore horizon is reached, 
an additional round is drilled and only the burn cuts are blasted. This 
serves aS a visual check on the ore zones without wasting the fiber that would 
have been broken by a complete raise round. The remainder of the round is 
blasted after provisions have been made to recover the ore. Raise drilling is 
done either with the same machine that is used in drifting or with a tele- 
scopic leg machine. 


A second driller is used to drive the stope and fringe drifts utilized 
in stope preparation. Although the drifting is confined to the ore horizon 
and some production is made therefrom, it is considered as development work. 


The amount of annual development work achieved is shown in table l. 


The characteristics of the explosives used and the loading data are sum- 
marized in table 2, 
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5-FOOT RAISE ROUND Stope Mining 

A stope is prepared for full-scale 
mining by driving stope drifts 10 to 12 
feet wide along the sides of the block to 


: pena be removed and across the fringe or outer 
| J limit of commercial ore. The width of the 

block is determined by the alinement of 
raises from the haulage drifts, which 
usually are 200 feet apart. The method of 
driving the stope drift in the waste strata 
between the ore zones has been described. 
After two rounds of waste material have 
been removed, the asbestos-bearing bands 
are lightly shot and the broken material 
hand-sorted. The tenor of the ore in the 
two zones usually differs; therefore, 
blasting the upper and lower bands in sep- 
arate operations allows the better ore to 
be sorted without excess dilution. 


Entire round drilled but 
only the burn cut is 
initially blasted. 


Two 5-foot rounds at 45° 
then raise vertically. 


mip el cae hesven cal erst The lower ore zone usually is thicker 
eta Mitsaiend ee and contains more fiber. Three 8-foot 
Center burn hole not ioadea. holes are drilled close to the bottom of 
the serpentine zone, spaced one at the 
center and one at each side of the drift 
about a foot from the wall. Some miners 
use the feed-leg machine, but others pre- 
fer the old "Finnish setup", which is 
drilling with a conventional jackhammer that slides on a board on the floor. 
Each of the holes is loaded with three sticks of 22 percent Amodyn No. 7, 
merely enough to shatter the serpentine without fine fragmentation. After the 
ore is hand-sorted to separate waste and ore, the top ore band is blasted with 
three similarly spaced 8-foot holes drilled close to the back. Two sticks of 
the same low-strength dynamite are used in each top hole. 


FIGURE 10. - Blasting Round for 


Development Raise. 


After the stope has been prepared for full-scale mining, the working face 
is nearly 200 feet long. Slushers are set at each end of the face, usually 
mucking into raises by scraping parallel to the face. If the stope is at 
haulage level, slusher ramps are used. 


Stoping is conducted up-dip along one side of the stope drift (fig. 11), 
following the same sequence of operations described in stope drifting. Until 
there is space for backfill, much of the muck must be scraped into raises in 
order to clear a 5-foot-wide working space against the face. As the stope 
face advances, the material from the waste band is blasted into the backfill 
by proper hole spacing and pointing. Experience has shown that a burden of 2 
feet on a blasthole gives the best breaking and propulsion combination for 
placement in the backfill 20 or 30 feet away. 
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TABLE 1. - Development data, 1954-58, in feet 


S-year total 


Drifting in waste..c.ceceeeee | 1,452) 1,770] 1,165 | 1,450 | 1,004 6,841 
DP UE CANO? Ti ORC posse a6 as atoew-srie 635 655 260 260 900 2,710 
RalSing “in Wastes sciwewcs< sce 255 315 320 210 120 1,220 
TOta lecsicoweduekedaceuee | 2s 0421 26040 e714) 10,771 
Development work per ton of 
fiber Produced s..1ce tresses eee Wed 4.8 ZO Seo 4.0 Saf 


TABLE 2, - Explosives characteristics and loading data 


Explosives datal/ 


Ore rounds 


Gelodyn No. 3 Amodyn No, 7 


Type of exploSive.ccccccccccccceses 


Stick :GOUNnt,. Per: CaSO ss vieusccuwe ss 146 210 
Bulk SUrengtns.s.«-s06 cee eee POETCONTs< 45 22 
WEI1QHE “StTENOTN ics eow.era8 ew diee CO sees 60 65 
Rate of 

detonation..ft./sec. (confined).. 13500 8,000 
Cartridge diameter.........inches.. 1-1/8 1-1/8 
Cartridge: Lend thia.cs sess e¢OOpcas 8 8 
Type of package. .cccccccccccseccceee joemiplastic redislit|Semiplastic redislit 
WATOE TOS 1S CACC ysis. cs sieies tw erereues Good Poor 


Loading data 


Development drift Primary stope drift 
Burn holes Other Burn holes Other 
and lifters | face holes] and lifters | face holes 

0.50 
3 


Explosive/ft. of 

NOL esssievsurds Soret. oy f ta.4 
Explosives/hole......d0.... 
Total explosives/6-ft. 

T OUNG wi. ce.0 ous weereare al Dots 
Kind of stemming...cccccece 
Point of detonation........ 
TYVDe “Of Cel aly iw bieeiestae as 
Sequence of delayS...cccece 


0.43 
350 


50 
None 
2d stick from bottom 
Fuse timing 
l inch difference for 
timing 


42 
None 
2d stick from bottom 
Fuse timing 
1 inch difference for 
timing 
1/ Strength and rate of detonation from manufacturer's specifications. 


Three methods of face drilling have been employed, as shown in figure 12, 
In each case, two rows of 6- to 8-foot holes are drilled. The upper row is 12 
inches below the bottom of the upper ore zone and parallel to the bedding. 
The lower row is drilled 18 inches above the oscar and is pointed downward so 
that the end of the holes is within a few inches of that bed. Method A is a 
continuous series of holes along the face. Usually, eight pairs of holes are 
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FIGURE 11. - Drilling of Upper Ore Zone in Stope in Thrust-Faulted Area. 


blasted at a time. This method is considered the least efficient, as it gives 


poor return on hole footage and requires at least another drilling and blast- 
ing operation to clear a sufficient bench width for economical fiber removal. 


In method B, the holes are drilled into a serrated stope face. The prin- 
Cipal objection is that the re-entrants cannot be cleaned with the scraper. 


Method C is the preferred method of stope advancement. The drill holes 


in the waste band are parallel to the gob pile, and the blast packs the back- 
fill more efficiently than angle holes. Each round creates enough room for 
efficient fiber removal. 


Each hole of the lower row in the waste band is loaded with eight sticks 
of 45 percent Geolodyn,. This heavy charge blasts the waste tightly into the 
backfill. The upper row of holes are loaded with six sticks of the same dyna- 
mite and are timed to follow the hole immediately below it. Thus, much of the 


material broken by the upper holes is blasted into the backfill by the suc- 
ceeding explosion in the lower so-called wiper hole. 


A unit crew consists of one driller, one slusher operator, two ore pick- 
ers, and a trammer. The waste close to the working face is slushed with a 
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SECTION b-b Details of blasting cycle 


SECTION a-a 


ity ° 
\ 
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Backfill “Tin, 
nN 


Showing hole placement, drilled 
in 3 seporate operations. 


Numbers within the waste round 
signify firing order. 


. Waste removed. Lower ore removed. Upper ore removed. 
ai ostenreundiariiied: (2) Lower ore band drilled. (3) Upper ore bond drilled. Repeat operation (I) 


FIGURE 12. - Three Methods of Advancing Stope Faces. 


reversible hoe-type scraper, When loading ore, the scraper is removed and a 
skid-mounted 1/2-ton car (ore boat) is attached to the slusher cable. 


The ore pickers hand load the ore boat with fiber-bearing material, sort- 
ing out limestone and barren serpentine without resorting to cobbing, sledging 
only those pieces too large to be handled easily. The ore boat is pulled to 
the raise or to a slusher ramp for loading into regular mine cars, 


Roof support in the Navajo and New Regal workings is accomplished prima- 
rily by tight backfilling. Pillars are necessary to support fractured areas 
where the roof is unstable and to protect the haulage drift where it is within 
the ore horizon. A pillar 30 feet wide also is left above the haulage drift 
when it passes below the ore zone, Pillars are not left where there is 15 or 
20 feet of rock between the drift and the stope level. 


Pillars near the haulage level are to be robbed on the retreat during the 
last stage of mining operations. 


Random pillars are left where the ore tenor is submarginal., If these 
pillars are relatively small and are situated over haulage drifts, they are 
drilled for possible future blasting when signs of transmitted roof pressure 
become apparent in the drift below. 
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The limestone stratum overlying the ore horizon is relatively thick bed- 
ded and competent, but in time it tends to flex downward uniformly, adjusting 
the weight on the backfill. In general, pillars less than 10 or 12 feet in 
diameter are a detriment because they not only tend to be crushed, but also 
the resultant pressure that builds up around the periphery of the pillar 
cracks the overlying roof stratum. When the bed is broken, the roof in the 
immediate area becomes unstable and is apt to Cave. 


Although there are open stopes in the Regal mine up to 5O feet wide, sup- 
ported only by posts, it is the present practice to keep the backfill within 
about 20 feet of the long-wall face, 


As indicated previously, backfilling is accomplished by a method of prop- 
erly spacing, pointing, and blasting the drill holes in the waste band. The 
blasting operation not only compacts the waste but tightly packs the material 
against the back of the open stope. Manual or mechanical backfilling leaves 
an irregular surface that is not in contact with the stope back. See figure 
13 for a comparison of the two methods. 


The management estimates that 50 percent of the material broken in the 
mining operation remains in the backfill. This retention of waste in the mine 
is higher than that of similar asbestos mines where the waste is placed in the 
backfill by scraper or hand shoveling. 


A detailed study of the percentage of waste remaining as backfill at the 
El Dorado mine of the Arizona Asbestos Association was made by the author in 
1931. Random carloads of waste were weighed to determine the average car 
loading. Hand cobbing of the crude Nos. 1 and 2 grades was done in the stopes, 
and only the sacked crudes of these grades and the excess waste were removed 
from the mine. Detailed stope surveys to determine the volume of rock broken 
were made of the advancing stopes, and cars of waste trammed to the surface 
dump were counted. Waste was hand shoveled into the backfill, gobbed as 
tightly as possible, but the top of the gob pile was always 1/2 to 1 foot from 
the back. Over a period of 4 months, in which more than 11,000 tons of rock 
was broken, 45.2 percent was backfilled. Thus, the estimated 50-percent 
retention of waste in the Navajo and New Regal workings is conservative. 


Dry walls occasionally are built to maintain necessary passageways through 
or around backfilled areas. The walls are not intended for support but merely 
keep the waste from spilling into the passageways. 


Because only double-drum slusher hoists are used, the direction of pull 
on the sheave anchors is variable and tends to crystallize the steel. After 
two near accidents due to broken anchors, the management decided to make its 
own sheave anchors. Each end of a 3-foot loop of 9/l6-inch steel cable is 
brazed to a narrow 9-inch steel wedge (see fig. 14). When wedged, the semi- 
flexible corrugations of the cable and the brazed strips seat firmly against 
the sides of the pinhole, resisting loosening by vibration. The cable loop, 
which extends from the pinhole, flexes with the load. 
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FIGURE 14. - Flexible Sheave Anchor. 


Underground Transportation 


The first operation involved in the transportation of ore and excess 
waste from the initial breaking point in the stope is movement by means of 
slusher hoists, regardless of whether the ore horizon is at or above the haul- 
age level. If the ore horizon is at or within slushing distance (about 100 
feet) of a haulage drift, mine cars are loaded from a ramp set over the track. 


The portable ramp used is standard equipment at the Regal mine and is 
custom-built in the Phoenix shop of D. W. Jaquays & Co. at a cost of approxi- 
mately $400. The entire ramp assemblage is illustrated in figure 15. Mobility 
is attained by supporting the rear end of the ramp on a mine car with a so- 
called spider that consists of 4-inch channel iron members welded in a right- 
angled cross and notched to fit the top of the car. The rear end of the ramp 
is lifted clear of the floor with a small screw jack built into the spider. 

The ramp then can be trammed to any desired place in the mine. The spider and 
jack are shown in place in figure 15, 


Figure 16 shows the method of loading waste with a scraper, and figure 17 
shows a skid-mounted ore boat ready to dump. 


The reversible hoe-type scrapers are 30 or 36 inches wide. This type of 
scraper has been chosen for several reasons: (1) Its simple design makes it 
relatively cheap to build; (2) in case the scraper flips over, there is no 
lost time in manually righting the bucket, as the opposite blade digs equally 
well; (3) it was especially designed to use most efficiently with available 
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FIGURE 15. - Portable Ramp Assemblage. ; 


(Courtesy, Jaquays Mining Corp.) 
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FIGURE 16. - Loading a Car With Portable Ramp and Slusher Hoist. 


(Courtesy, Jaquays Mining Corp.) 
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slusher motors; (4) it loses none of its load while sliding up the inclined 
ramp. Experiments to determine the optimum performance of the scraper were 
conducted by varying the weight of the bucket. One-inch plate construction 
gave the most efficient performance, 


Figure 18 shows a 30-inch scraper, and figure 19 details the measurements 
of a 36-inch scraper. 


The skid-mounted ore boats originally were made by removing the truck 
assemblage and door from old 20-cubic-foot mine cars, cutting down the sides 
to a height of 18 inches, and attaching a chain bridle to the upturned ends of 
two 4-inch channel-iron skids welded to the bottom. Now, ore boats are con- 
structed in the shop with reinforced bodies of 3/16-inch steel plate (fig. 20). 


From the stopes above the haulage level, the ore and waste goes into sep- 
arate raises, or into the same raise in different cycles. The ore or waste is 
loaded into end-dump mine cars by the underground trammer and pushed to the 
bypass station, some 600 feet inside the portal. This station is double 
tracked for about 70 feet to accommodate 12 loaded cars on the main line and 
12 empties on the switching track. Spring switches keep the loaded cars on 
the main track and bypass the incoming empty cars onto the switching track. 

On a plank between the tracks, 18-inch chains are attached at one end and can 
be kicked across one rail to keep the cars from rolling forward. 
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The underground trammer hangs a 
yellow metal tag on each car that con- 
tains ore, takes an empty, and returns 
for another load. The surface trammer 

kicks out the chain stop and pushes the 
+) car to the portal. Ore or waste cars 
g are routed to their proper destination 
| by a manually operated switch. Ore 
f Cars are either dumped onto the cobbing 
grizzly or sidetracked on the approach 
trestle for dumping as needed. As an 
ore car is dumped, the tag is taken off 
and placed on a spindle to be counted 
and recorded daily by the mine 
superintendent. 


The waste cars are trammed over 
the other track to the dump. The tram- 
mer manually trips a car-counting meter 
installed inside the portal. 


A car-retaining bumper that engages 
all four wheels is fastened to the end 
; of each of the dumping tracks to pre- 
FIGURE 18. - Reversible Hoe-Type vent accidental derailment or loss of a 
30- Inch Scraper. car during dumping. 


Chute construction is standardized in the Navajo workings. The chute 
floor is inclined about 40°, the overall width is 36 inches, and the chute lip 
is in line with and 50 inches above the inside rail of the track. Minimum 
Clearance between posts and each side of the track is 12 inches, and the caps 
are at least 7 feet above the track level. 


Because the users of asbestos products are becoming more critical of even 
small amounts of wood fiber in the milled asbestos, the operator uses steel- 
lined chutes. Prefabricated sectional steel liners and steel gates are placed 
in all new chutes; the old chutes are being relined with prefabricated steel 
sections as rapidly as possible. Rock flow is controlled with a modified over- 
cutting arc gate and checked by two "drop boards" that are channel-iron members 
Sliding between welded guides. Figure 21 shows a typical lined chute, and 
figure 22 gives the construction details. The slotted bolt holes in side and 
bottom plates allow for variation of chute width. 


The gate arm originally was attached parallel to the chute floor. The 
rocks of the first load dumped into an empty chute had the tendency to bounce 
the chute gate open. Raising the pivot point of the gate arm 1 inch elimi- 
nated the trouble. 


Normally, the smooth side of the channel-iron drop board is placed against 
the material in the chute for easier raising. However, when a chute is used 
intermittently and drawn empty, the impact of rocks against the drop boards 


»» Gow gle THE OHIO STATE UNIVERSITY 


27 


Detail of 3/4" plate I" hole 


\/2"X3" strap 


3/4 plate 45° 
I" plate 
Cutting edge 
is" hard taken dK Ni 
15" 


I" hole anne ae 
a é" -— Weld 


FIGURE 19. - Sketch of 36-Inch Scraper. 


3/4" plate 


often bounce them out of the guides. This is overcome by reversing the chan- 
nels so that the flange side faces inward. 


Auxiliary Operations 


The surface layout of the Navajo workings is shown in figures 23 and 24. 
Minor equipment repairs are made at the portal where spare parts and small 
tools are available at the tool shed. Major repairs are made in the machine 
shop at the mill in Globe, or at the Phoenix plant of D. W. Jaquays & Co. in 
their large machine shop. At the Phoenix shop, the ore bins, belt conveyors, 
mine cars, slusher buckets, sectional steel chute pane rss) and other equipment 
are fabricated. 


Compressed air is furnished by diesel-powered portable compressors. 
Three 500-c.f.m. and one 600-c.f.m. units are outside the Navajo portal and 
one 500-c.f.m. unit is at the New Regal portal. The four compressors at the 
Navajo workings are arranged in two tiers, back to back, directly connected to 
a 1,000-gallon fuel tank. 
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FIGURE 20. - Skid-Mounted Ore Boat and 36-Inch Scraper. The Oscar Marker Bed 


Above Lower Ore Zone is Immediately Above Top of Ore Boat. 


Each of these four compressors is connected to a 4-inch air line feeding 
into a 3-1/2- by 14-foot receiver (fig. 25). From the receiver, a 4-inch air 
line on the side of the drift floor goes 850 feet along the main adit, branch- 
ing to a 3-inch line in the south 45 fringe drift. Wherever necessary, 2-inch 
lines carry air to the working faces. One of these 2-inch lines is connected 
through the mine workings to the portal of the New Regal adit where the fifth 
Compressor and a 3- by 5-foot receiver are located. Two or three of the com- 
pressors are operated as needed during the shifts; the others are on a stand-by 
basis. No l-inch air lines are used in the mine. 


The compressors are set to deliver air to the receiver at 100 to 105 
pounds, or approximately 90 pounds at the working faces. 
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The cobbing platform, 8 feet wide 
by 20 feet long, consists of a longitu- 
dinal grizzly constructed of 12-pound 
mine rail set base up with 1/2-inch 
clearance between adjacent rails. A 
transverse 2-foot high V-shaped steel 
deflector divides the grizzly into two 
cobbing compartments, under each of 
which is a 10-ton bin. The whole 
assembly, constructed of steel, sets 
over a lower service road on the mine 
dump. The grizzly is 4 feet below the 
_. ore-haulage track and is covered with 
_ «roof and siding of corrugated sheet 

m iron (fig. 26). 


Yt. 9 * 


-- 


The fines pass through the grizzly 
and the cobbed material is tossed 
through a 12-inch-wide aperture at the 
_.-~outer end of the grizzly rails into the 
_.- bin below. Waste material is thrown or 
shoveled out of a slot in the side of 
the shed, and as it piles up occasion- 
ally is pushed off the dump. 
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A second and somewhat larger cob- 
bing structure, now being installed, 
~ will be used for cobbing ore that is 
gee ie Bene oto _ lime-free, the fiber of which will be 
ei Moke. used for specialized filtration 
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FIGURE 21. - Typical Steel-Lined Chute. Prior to the start of the Navajo 


operation, the cobbing facilities at 
the New Regal workings were underground, near the portal of the intermediate 
level. Adjacent to and lower than the track, two separate 3- by 12-foot griz- 
zlies each were placed over a two-compartment raise. Ore cars were dumped 
onto each grizzly from a short spur track. One of these installations is 
shown in figure 27. Cobbed ore and resultant waste were tossed into the 
respective chutes to be drawn and trammed on the haulage level below. The 
cobbed ore (mill rock) was dumped into a bin in the portal trestle, and the 
waste was dumped into a chute at the end of the trestle (fig. 28). Activity 
has virtually ceased in these workings, and the remainder of this section 
deals only with the operations at the Navajo unit. 


A 10-cubic-yard, 10-wheel dump truck hauls the mill rock to Globe, usu- 
ally making one trip per day. An 8-cubic-yard standby truck stationed at the 
mine is used for ore haulage if necessary. 


The two entrances to the Navajo mine permit having separate tracks for 
ore and waste haulage at the surface. The waste is trammed across a trestle 


Digitized by Coc gle Original from 


THE OHIO STATE UNIVERSITY 


30 


"8{NY>) POU!7}-|a01¢ jo S}!D49q - *7Z UNIS 


"$48jUBd 2] me Oo = 
$1018 |1X,2/1 * et ss 


uJ 
ae 
q 
J 
a 
= 
O 
_ 
~ 
eo) 
@ 
y 
w 


Ox 


wd X ,2e 
e010 SI/¢ 


M3IA dI8L3WOS! SS be 
jauuDYyd g-——~ pea GRAS eee : 
Fem Jauuoyd fb 
V-v NOILO3S : 


ROS A= LEO 


ay01d 9I/E 


Google 


WVL30 TSNNVHO ,8 8,9 


¢ 
re) 
> 
Cc 
5 
U 
oS 
mo 
® 
~ 
m 
v) 
° 
i 
O 
< 
” 
m 
= 
x 
dae 
° 
> 
Sc 
o 
> 
5 
ya 
t 
a 
~N 
Lid 
a4 
ra 
© 
LL 


cor A 


re 
fCREe 
4 od 


ATE UNIV 


NHI 


TH 


32 


0 50 100 
Ls | 


Scale in feet 


~ 


Tool shed 
Bank of 4 compressors / 
Fuel oil tank 
Air receiver 
Cobbing station for normal ore Wh, 
Cobbing station for lime-free ore /At 
Waste dump trestle f | 
Water tank 
4-inch air line 


ODNOUDUN- 


yea eS 


>, YW ‘ai; 


FIGURE 24. - Layout of Mine Plant at Navajo Workings. 


Google 


33 


"g1UP) OLDADWY 4O |D4J404 4D Sdossaidwo’) jasaiq - *¢Z7 FYNOIS 


pa Py 


— 
y, 
ry 


a 
ra 

iw 

r 


ew Kea 


wo 
i _ 


—_—_———_._. 


4 


1m 


final tre 


Ori 


) 
ain, 


= —_— 
| 
- 

i 

> 

: e 

‘> 

> ~~. 

° e 
ay iy 
. 


~ - ¥, 
i~ - Suge a an r 
- 


FIGURE 26. - Ore Cobbing at the Navajo Unit. 


over the lower service road and dumped into the canyon. Fine material for 
road surfacing can be emptied into a truck through a trapdoor on the trestle. 
It is planned to place a 10-ton storage bin under the trestle. 


A 2,000-gallon water tank on the hillside near the mine portal and a 
2,000-gallon tank at the camp are filled when necessary from a perennial 
spring in the canyon by a 1-1/2- by 2-inch duplex, single-action pump with a 
gasoline motor. The water supply is augmented by a small flow piped from 
another spring on the roadside above. 


Water for mine use is piped from the supply tank to the mine sump in the 
adit. Two fountains along this pipeline provide the men with drinking water. 
A pneumatic 3- by 2- by 3-inch duplex reciprocating pump at the sump supplies 
drilling water to the working faces through l-inch pipes. 


A pneumatic timber saw is used in the mine to frame timbers at the chute 
locations. 


There is no electric power at the mine, but a small Kohler plant located 
at the camp furnishes light and power for the two staff houses. 


Explosives are bought in lots of 10 tons (400 cases) and are trucked to 
the mine and stored in an isolated underground magazine. Daily requirements 
of explosives are issued from the magazine and carried to the working places 
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by a powderman. Caps and 
fuse are stored in a sepa- 
rate magazine, and no more 
than 1,000 caps are on hand 
at any one time. No explo- 
Sives are stored in the 
mine. 


Construction of the 
new Highway 70 mill, with 
its increased capacity, 
established the possibility 
of reclaiming short fiber 
from the upper part of the 
Old Regal dump. This part 
of the dump was built up on 
a bench below a vertical 
diabase cliff during the 
early mining operations, 
when only the hand-cobbed 
Nos. 1 and 2 grades of 
fiber were recovered, 
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Consequently, equip- 
ment has been placed to 
reclaim the dump material. 
A trommel, 3 feet 8 inches 
in diameter and 8 feet long 
has been constructed, lined 
longitudinally with 12- 
pound rails. The openings 
between the rails, which 
are fastened bases inward, 
form 3/4-inch slots. 


—s 


_* “Fay ‘ 


FIGURE 27. - Underground Cobbing Station in New A gasoline-powered 
Regal Unit. slusher with a 24-inch 
(Courtesy, the Jaquays Mining Corp.) scraper drags the dump 


material to the trommel bin. 
Oversize material, passing through the trommel, is rejected on a transverse 
17-foot by 18-inch belt conveyor. The undersize material drops onto a 30-foot 
by 20-inch belt conveyor, which loads an 8-cubic-yard truck (fig. 29). The 
trommel and waste conveyor are driven by a gasoline-powered 4-cylinder engine 
through a gear reduction box. The other conveyor is driven by a smaller 


engine. 


The undersize material is transported about 2 miles to a stockpile beside 
the main access road. A bulldozer pushes the stockpiled material to a ramp, 
under which is a bin that feeds a 40-foot by 24-inch belt conveyor. The con- 
veyor belt loads an end-dump semitrailer (fig. 30). The material is hauléd to 
Globe where it is stockpiled for future treatment at the Highway 70 mill being 
constructed. 
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FIGURE 28. - View of Trestle at Portal of New Regal Unit. Haulage Level at Top of 
Trestle and Intermediate Level at Top of Ladder. A 500-c.f.m. Diesel- 
Powered Compressor. 


Table 3 lists the major equipment used at the Regal mine. 
PERCENT EXTRACTION AND PRODUCTION RATES 
Figure 31 is a flowsheet, representing the complete cycle of average 
daily ore production. Fifty percent of the material broken remains in the 
backfill or "gob pile", as it is termed locally. The backfilling method has 


been described previously. 


A breakdown of production by tons per man shift during the first half of 
1959 is shown in table 4. 


Original from 
Digitized by 1 alee 
~~ : Goc gle THE OHIO STATE UNIVERSITY 


37 


Pak 


ie Ps 


FIGURE 29. - View of Dump-Reclaiming Equipment. Discordant Contact of Lime- 
stone and Diabase East of Mine Is Visible Above Slope of Dump. 


~ * 
2 By 
ae 

A 
a te ’. 
6 NS oe ——— 
Ny te 4 he. . We any” ry reeks 
- 
__ * 
tate 4 
'* 


 — 
~~ 


at Stockpile. 


Diatizes by (50K gle ie cwe ort Giversia 


38 


mere 
*paramod Io}JoW asuT{Tosey 
*OTZTeWNIUY 


veer *od LapTYyoy 
prens soe es 22° OTOUTUTION. 


* T9AUa(]-IaupLEe 


Oc] 
*pazlamod IO}JOW |BUTTOSeH 


BO ee To) pm een 


ia Rae a ied ae ecaks O58 ke”, 


eer ae ieee a ceases ©) © aetna 


ara ae aes O 0 © Saas alas 


Weg ene eee cee TR ee” <n ak 


"Od 
"Taaym 9 
"T99UM OT 


OEE te ee ewe es Age So ee 


Pg eae tet gare nag le, Pet. SC ef 
eee * *DUPY-TTOSIabuUyT 
coer ee TIZAUBG—-IBUPIeD 
si aici ae adie 219 6 


eee gs ea eae Ng te ON She 


*pazyunow oquin¢ 


*OTdooseTal 
“PITT P99 
‘og 
“TS99YM pv a8Tqej,41od 
*aTqe }iogd 


Pen Se Syne og oe ee Tomine tt toe 


Rey ie a oe ey OOP Go 


ere ee *TIAUBG-IaUpIeg 
eae ee en ee Oe) oe 
SAenber °n °q 


*patamod 
Io}JOW euTTOSeb °*dy-cT 
*utw/*y3 zeT Speeds adoy 
eutw/*33 OGT Speeds adoy 


BSR, ee eee ae, oe Die Siead 


ares ee a ads Rabe! ©) © mata 


BoM e ae he Mees nee Eo oe os 


cee ee *TRZAUaG-IOUPIeED 


DR er cee tan A dee tn ee 


coeeeeeTeTTiIdiayey) 
"Oy UOT}PETAY Tadtd 


*paddtnba otpey 


SyIeWaY Tainzoepnuey 


moniaiiens © © aca 


sAenber °N *q|atqe}i0d 


T9POW 


BG ree tS ig ene ah Cy 
**xatdnp *ut-z xX -2/T-1T 
eee’ Se HU TLC IO 1d toa 

X9TdNp *uT-€ X -7% X -€ 
mee ee Sete nee PAE 0% X 24 O€ 


Vo 


“UT be X 


"33 OV 


@eeosoeeoe90e0nen#ee 8? 


OOT-d 
OSt=a 
ore 
O0S=a 
008-4 
vSTt 


RS eS eek Ree Se ONE e A *n®? vk 
a ee ie De a 0) *n®d Q 
Ba ee eee pe) Site tole NY a ae) OT 


Rae ey ATS ge, eT eel GL 


8G 1d 
8G'1d 


"w°F "9 O09 
Re et ae ee Sigg eee ean ed OOG 


toHOA TAN A AANA 4 


AIH 
4H 
O10 
e-d 
8-d 
LS6T 


*Iadeios °ul-9€ 
eceeeceoee Ts adjemy9s “UTH=OE 
a a ieee (10'S, 8) =) 


*Iabuessed 


Aztoedes 


IO aZTts 


zuaudtnba jo AIO .ZUSAUT 


“oe dav 


oe ee eee ae G. SUTTUDT | 


Pty pee Mea oe eo rs a Oa 


tae 01 8 | 


Fer cee gee teary Sete ae eee 


eoeeeeeee TO ADJAUOD +1T°¢d 


PINES RO eneer ee ene" e e821 7) 
weer CON FOT) WONT] 
Site Soe se ese e: ene ene: eae tere Oc 


nr, eee eee ene eee te ee era) Gl 


ii daca Ko (10) 2) YONI] 
eeeeeee "’IDXHeOIG butaAed 


sereree(raqstip) Titi 


PSG Tee oe ye Ce eee eG] 
Sp oe eee ete es ae Pe, OG! 


sere "(pTey puey) TITtid 


Mee eae ee Pe ee) eee ree a 


Seieeiere we eee TOS SOLO.) 


eoccoooeeedupys ITOUSNTS 


eee eee eseeees essen 
soccer reece see seo 

‘(unIp atTqnop) Taysnt{s 
soos souTuoeW Hut yonw 


Bene eee pet ae ogee) 


ef Wee erg a wretnge eae AO) 
See See e oes SOUP Ta aly. 


Google 


STOPES 


190 TONS BROKEN MATERIAL 


WASTE ROUNDS ORE ROUNDS 
90 TONS WASTE 50 TONS CRUDE MINE ORE 
WASTE SORTED IN STOPE 
70 TONS 20 TONS 30 TONS 20 TONS SORTED ORE 
BLASTED INTO TRAMMED TO SURFACE TRAMMED TO SURFACE 
BACKFILL DUMP COBBING SHED 


HAND COBBING 
5 TONS WASTE 1S TONS MILL ROCK 
DISCARDED TO SURFACE DUMP 
BINS 
TRUCKED TO MILL 
MILLING OPERATION 


11.25 3.75 


MILL TAILING STORAGE FINISHED FIBER 


FIGURE 31. - Flowsheet Showing Approximate Daily 


Production. 
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VENTILATION 


Ventilation of the 
Regal mine presents no 
problem because throughout 
its length there are many 
openings to the surface. 
Natural flow of air through 
the main connecting pas- 
sages is deflected by can- 
vas brattices into the 
desired circulation pattern 
in the fringe workings. 


Prior to connection 
with the interior workings, 
ventilation of the primary 
development drifts of the 
New Regal and Navajo units 
was accomplished by airflow 
from the end of the air 
line at the drift face. 


MINE DRAINAGE 


While driving the 
Navajo adit, water was 
encountered 480 feet from 
the portal, where it flowed 
freely from the drill holes. 
A reservoir had been formed 


by a troughlike fold of the limestone bedding, some 200 feet in breadth with a 
maximum depth of 6 feet. By the time the adit was driven across the breadth 


of the fold, the accumulated water had drained off. 


A pumping station and a 


sump were cut near the outside switch of the bypass station. A trench cut 
across the drift diverts any mine water into the sump. 


Normally, this source of water for mining operations is inadequate and 
must be supplemented by additional water drawn from the tank at the portal. 


SUPERVISION AND LABOR DISTRIBUTION 


Under the supervision of the president-general manager, the general 
Superintendent directs the activities of the mines and mills. 


The Regal mining operation is supervised closely by the mine superintend- 
ent, who lives at the nearby camp. The mine is operated on a one-shift basis, 
12 days on and 2 days off. The regular shift runs from 7 a.m. to 3.30 p.m. 
with a lunch break of 1 hour. A few men work on an overlapping afternoon 


shift, ll a.m. to 7 p.m. 
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TABLE 4. - Mine production data, January-June, 19591/ 


Labors 
Mate -SHTEtS aver lab l6., 2s sects enwew see stetawaeesan Ose 
Han: ‘ShUEtG WOErkKGd.. 5. s..cw ewes <a euieee ees dies Gewese: Os Ot0 
Percent Of ADSENTCEI SMe sceccceccvdecscvsscccessscee 5.0 


Production: 

Sorted ore from mine to surface plant: 
ON SG i:6-ere sd tie ape d6 ele sie se eee Shhh whe oes 125420 
TONS: Per “Man: SIN1 £ Us corecee crew eee steecawesiesa: C,08 
Average: CONS: per “Shit Uie <i cet wiete Veni eevsesen ee LOL 

Cobbed ore, from surface plant to mill: 
TO) S is eta. lo ersverave eres Siete el eM ea ew ewe ee ese wae eee UsOo? 
TOMS; Per Man: Sittin. oeyeternwteseeuswnsesseaece. OAT 
AVETAGeG CONS: Der SLT sian ew 00 0tenisdeaneeenaswe 10c6 


L/ 156 working days$ average normal crew of 24 men, 
excluding supervisors, but including cobbers. 


Assuming the normal 5.5 cobbing man shifts per day, 
each man hand-cobs 2.82 tons of stope-sorted ore to pro- 
duce 1.93 tons of mill rock per shift. The waste-car 
counter, in use during the second quarter of this period, 
indicates that for each ton of hand-cobbed mill rock that 
was produced 2,6 tons of waste was removed from the mine. 


The average number of mine employees is 24, distributed according to the 
following classifications: 


Number Underground employees 
5 Miners. 
10 Stopemen (duties include slusher operation, ore picking and 
loading, and tramming to the bypass station). 
1 Stopeman-mucking machine operator. 
l Trammer (bypass station to surface). 


Surface employees 


5 Ore cobbers. 
1 Ore cobber-powderman. 
1 General repairman. 


The five miners are distributed as follows: 


Number Miners 
l Driller, development drifts and raises in waste (afternoon 
shift). 
1 Driller, development, stope and fringe drifts, in ore zone. 
3 Drillers, stoping ore. 
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The combination stopeman-mucking machine operator spends the first half 
of the shift loading out waste from the development headings, and the remain- 
der of the shift in the stope. 


Four of the cobbers are on the day shift and two are on the afternoon 
shift. If there is not enough ore for the afternoon cobbers to work on during 
their shift, they go underground and draw more from an ore chute, or recover 
ore from the stope. If a compressor should not be running, there is enough 
air remaining in the receivers and 4-inch pipeline to operate a slusher for a 
limited time. 


Three cobbers and one stopeman work on the 2 days that the other miners 
have off, in order that enough mill ore will be available to keep the trucks 
in use the morning after the general lay-off period. The repairman, who lives 
at the camp, also is on duty during this weekend and acts as supervisor. 


The usual duties of repairman are varied; he is the handyman, mechanic, 
truckdriver around the mine area, pipeman, timberman, and bulldozer operator, 
as required, Occasionally he hauls ore to the mill and when necessary he 
spreads road ballast of fine waste on the access road, 


The combination ore cobber-powderman works the first half of his shift in 
the cobbing shed. At noon he checks with each miner to see what caps, fuse, 
and powder he needs. He then makes up and delivers the supplies to the miners 
at the working faces. 


Indian labor is used exclusively and is satisfactory. Ninety percent of 
the labor turnover occurs within a group of 25 percent of the employees; turn- 
over decreased in 1959, Absenteeism during the first half was 5.0 percent. 


The mine workers have a camp 0.6 mile from the Navajo unit and are trans- 
ported to and from work in a truck, Living accommodations in concrete block 
houses and frame buildings, supplemented by tent houses and house trailers, 
are furnished by the company. Water is available from a nearby 2,000-gallon 
tank, and a company truck can be utilized for hauling wood. 


There are two well-constructed frame houses for use of the resident staff 
employees. 


The operation at the Chrysotile mines is supervised by a resident mine 
superintendent, Because of the recent acquisition of the property (May l, 
1959), only rehabilitation work is being done by the crew of eight Indian 
employees. 


Eight men are employed at the Globe mill, supervised by a mill foreman. 
The plant operates on a one-shift basis, 6 days a week, 


WAGE CONTRACT RATES 


The Regal mine normally has operated on a straight wage and salary basis 
at the prevailing rate paid in the local asbestos industry. 
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In 1957, a labor contract was given to expedite development of the Navajc 
unit, concurrently with company mining operations in the New Regal unit. The 
company furnished all equipment and supplies, and the contractor was paid 
$10.00 per foot of advance in the development haulage drifts and $8.00 per 
foot for raises. Cost of supplies and equipment was estimated at $10.50 per 
foot of advance. 


The contractor was paid an additional 28.4 cents per cubic foot for slab- 
bing rounds to widen drifts for switch turnouts and track curves and for pri- 
mary stope-drift work. 


SAFETY -PRACLICES 


Supervisors of the mine are very safety conscious because both the gen- 
eral manager and the mine superintendent have been safety engineers. Safety 
suggestions of the State mine inspector are complied with at all times. 


During 6 years of operation there have been no fatal accidents and very 
few lost-time accidents. Minor injuries can be treated at the portal, where 
first-aid facilities are available. 


Except for portal sets and chutes, virtually no timber is used, hence 
fire hazard is negligible. 


several of the drifts that serve for ventilation could be used for sec- 
ondary exits from the mine in case of emergency. The haulage drifts that con- 
nect the three mine portals are periodically checked to insure unobstructed 
passage to the surface, and numerous other escape routes are available through 
the stopes. 


THE CHRYSOTILE MINES 


Aquisition of the Chrysotile mines by the Jaquays Mining Corp. has been 
so recent that no information about the operation is available. Considerable 
rehabilitation and exploratory work will be necessary before production can be 
attained from extensions of the old workings or from adjacent areas. 


In general, the underlying diabase sill is in contact with a horizon of 
the lower member of the Mescal formation, approximately 40 to 60 feet below 
the base of the algal limestone, Asbestos-bearing zones occur in the bedding 
of the lower member at three constant intervals. The topmost zone is immedi- 
ately under the base of the algal limestone, and two other zones occur 33 and 
39 feet lower in the section. Thus the ore horizons are virtually in the same 
position as at the Regal mine. The oscar marker bed likewise is present in 
much of the area, 


Historical Data on Methods and Costs 


The following discussion is historical in character but is included here 
to show operational costs at a large mine about 30 years ago. 
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The mining operations at the Victory mine of the Arizona Asbestos 
Association (a Johns-Manville subsidiary after 1916) began in 1914. A small 
experimental mill, which had a capacity of approximately 5 tons of millfeed 
per 8 hours, was built. Four grades of mill fiber were produced in addition 
to the Nos. 1 and 2 crude grades. Because the efficiency of the mill was 
unsatisfactory, it was closed in 1921 and the operator reverted to hand- 
cobbing the two longer fiber grades. This method of recovery was continued 
until the operation was stopped in May 1931. Intensive production from the 
El Dorado mine was started early in 1929, A breakdown of the average monthly 
operating costs during the first quarter of 1931 is shown in table 5. 


Average monthly operating costs, January-March 1931 
Chrysotile minesi/ 


Average monthly costs, first quarter 


TABLE 5, - 


Cost per ton of fiber produced 


Development: 
Dri ling: Labor s.é sss satweu teres ee ewe, CCOsOSL 
MUCK ING: Da bOr seiiccsce sao w ise eie-@ wea 4 wi ore eles 6.685 
LLAMMANG! AOC Ws 56 ecsrareiaene o eteiece 0 weedeat ee 5.493 
TAMBET ING LavOl se ced obwe se eeies we-ew we eae 2.035 
Miscellaneous labor isc<s4w acta beweaeaee ¢ 2.426 
EXPlLOS1V6S. 64s suai ete teeewls Gis enteeuewes. 24e184 
SUDO LIES: and. TEPAIT Ssses head eiere weve eerste 4,203 


Total development COS ooh aaah oe es a ara rane eee a ete nei are $65.107 


Productions 
bOASe: LabOL s 4 sow sere eyes eters we eens ares DOO. O98 
EXPOS 1 VCS ca. yves encase Grieve ace aise alee erncareiwiezeceaues 9.073 
Mucking, tramming, and timbering labor.. 8.146 
Power, shop and blacksmith labor........ 14.052 
MiscellaneouS labor..sccccccvccvcccesves 16/46 
supplies, fréeignt, repairs, C€tCic.csceee . 30s 100 
TOta 1 “DrOduCti0n: COSL siwése ssn nscuuene sete aeweeeeenes: “LOOs 100 


Fixed expense: 
Supervision and ClerkS..ccccccccsesesese 31.332 
TRUCKING fibers ics sceedeewsoweriaaweias. 15500 
Insurance, taxes, depreciation and 
DEPLETION. caeGuww eb sew eeee eae eednowe. coal 
TOtal PIX ed “OXPeNSe (5.54.4. 540 sw 4S dasa hese Oe Gee wEs 69.745 


TOtAL “Operating OXxpense. sc 604.ssb.e ote bs sae eea eesenteeons, D2ZI0KO32 
1/ Approximately 70 employees were on the payroll during this period. 


Production was accomplished under a so-called leaser system. The drift- 
ing and raising was done on company account, but the fiber was mined under the 
company's direction by lessees who were furnished all equipment and supplies 
and were paid by the pound, 
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After blasting the ore round, the lessees carefully sorted the rock and 
hammer-cobbed and graded the crude Nos. 1 and 2 fibers. Waste in excess of 
that required for backfilling was moved by wheelbarrows to the nearest raise 
to be trammed to surface on company account. 


At semimonthly intervals the cobbed fiber of each lessee was moved to the 
warehouse where it was inspected, check graded, and weighed. It was then 
resacked into 102-pound units for shipment. 


During 1930, an average of 36 lessees was employed, who produced approxi- 
mately 75 pounds of fiber per leaser shift. Payment at the rate of 5 and 7 
cents per pound for No. 1 and No. 2 grades respectively later was raised to 7 
and 10 cents. 


Most of the development work was done in the diabase under the ore hori- 
zon. Development drifts, with a minimum cross section of 5 by 7 feet, were 
drilled with drifters mounted on the arm of a 32-inch column, using 1-1/4-inch 
Steel. A conventional 10-hole, 6-foot round was drilled using 2-1/4-inch 
Starters and finishing the hole with 1-1/2-inch steel. The holes were loaded 
with 7- by 1-1/8-inch, 60 percent dynamite, using stemming. Raises of 4- by 
Y-foot cross section, inclined at 50°, were drilled with self-rotating stopers. 


In 1930-31, the daily wage for development drillers was $4.75 and for 
muckers and trammers, $3.50. 


During April 1931, the average advance for drifting and raising was 
approximately 4 and 3 feet per round, respectively. Development costs for the 
first 4 months of 1931 are given in table 6 for total footage of 1,744 (drifts 
986.5, raises 757.5). 


TABLE 6. - Mine development costs, January-April 1931, 
Chrysotile mines 


Cost per foot| Percent of cost 


Dri EVN: LabOr ssc ere 6 $4.66 0 48s wie wares 30.10 
MUCKING LabOT 66.6:6:6'6.s0iw<'wie-neie oceans 9.27 
Tram NG? lable. deewiwtiet-o.sas ieee 7.95 
TiMbeT ING TaAbOr es siete ceseewaee sa wa 3.86 
INGiTeCt LADOT ocsivw0s-64 ese 6 60s 0646 62 3,69 
EXPlOSi VCS sii sess eud socieu twee eens 37,35 
SUNGEY (SUPP 11 OS soon e.c die sors wisrate hGare ars 7.78 


POC ldveieo e-evene ele eed eee alee Se wieecaes $5.564 100.00 


Number of tons of asbestos produced was 161.685 at a total cost of $61.05 
per ton of fiber. A detailed cost check of 675 feet of drifting and 345 feet 
of raising indicated that raising cost was approximately 18 cents per foot 
more than drifting. 
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Tramming at the El Dorado mine was done by hand; in the Victory mine a 
small storage battery-type locomotive was used. Comparative tramming costs 
are given in table 7. 


TABLE 7, - Tramming costs, January-April 1931, Chrysotile mines 


(Production and development tramming) 


Hand Electric 
tramming tramming Total 


Cars trammed,. @eeeoeeoeeseeoeeeeeeeseenee6eee@ 10,436 996 11,432 
Man ShiftsS.cece e@eeoeeoeveeeeeeee00060080800 450, 87 28.75 479. 62 
Cars: per Man SHIP Cs ssc wid-ciceviecew ees 23¢15 34.64 23.84 


Tramming labor: 
Total COS © saa jw aan ww hes eee ae $1,583.43 $104.36 $1,687.79 


COSE: DOP CaM 5c wiee wie se ia esse aie eiaren ete slo2 . 105 147 
Track repair labor: 

TOUAd "COST gisig ease 5 oiere s:0:4: 0-6 00 oiee'e s 252.76 32.91 285.67 

COSL DOD ‘Cals ck6sieiescs Sew wees eee 024 033 ~025 
Sundry supplies: 

LOCAL COSC cae S.s cies 60s ewe neaee 26.51 4.36 30.87 

COSU Del Cat t064.00 6:Nieeews see eee ~003 ~ 004 003 


Total COST 5 5.6655 oo 0S OE $1,862.70 $141.63 $2,004.33 
Total cost per CAT ccc cvcseccccccccen 178 ~ 142 e175 


A total of 161.685 tons of asbestos was produced, and the tramming cost 
per ton of asbestos was $12.40, 


The blacksmith shop had an electric-blown oil forge and a drill sharpener. 
During the first 4 months of 1931, 4,184 drills were sharpened and 261 were 
Shanked, at a cost of 11.9 cents per drill steel. 


In the powerplant were two diesel compressors with a capacity of 350 cubic 
feet per minute each, one semidiesel of 310-cubic foot capacity, and a 110- 
volt 60-cycle generator. During the 4-month period in 1931 the average cost 
of producing electricity and compressed air was 90.5 cents per operating hour. 


To the early 1930's access to the property from Globe was by way of Rice 
(now San Carlos), a distance of 64 miles on dirt and gravel road. The sacked 
crude asbestos was transported by truck under contract at $15.00 per ton to 
the railroad at Rice, a distance of 42 miles. In the 1940's, when the 
Johns-Manville Products Co. resumed operations, paved U.S. Highway No. 60 had 
been completed and the distance to Globe had been reduced to 35 miles. The 
company, with their own trucks, reportedly could haul the fiber to Globe for 
$3.50 per ton. 
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MILLING AND GRADING 


Chrysotile is the fibrous form of serpentine, and in Arizona it is always 
associated with bands of massive serpentine. The ore-concentration process is 
unique in that it involves separation of a fibrous mineral from a massive form 
of the same mineral. Neither chemical composition nor specific gravity can 
therefore be used as a basis of separation. The property that makes mechani- 
cal separation possible is the fibrous structure. The gangue of the ore is 
serpentine and limestone. Because limestone is deleterious to the milling 
operation and to the ultimate uses of the fiber products, elimination of lime- 
stone in the millfeed is essential. This is done by hand-sorting and hand- 
cobbing at the mine. 


The chrysotile asbestos of some of the Arizona deposits is soft, flexible, 
and of excellent quality; in others the fibers are semisoft; and in some mines 
the fibers are harsh. Most of the asbestos produced by the Regal mine has 
been of soft and semisoft quality, exhibiting high tensile strength. Fairly 
harsh fiber occasionally is encountered. All fiber now being mined is white 
and of soft quality. 


Asbestos fibers fall into two main groups - crude and mill fibers. In 
the Regal mine, four crude grades have been established according to fiber 
length. 


Crude grade Length of fiber 


No. l 3/4 inch or longer 
No. 2 3/8 to 3/4 inch 
No. 3 1/4 to 3/8 inch 
No. 4 Less than 3/8 inch 


The material that is fiberized--that is, mill fiber--is graded according 
to the Canadian classification, determined by tests made with the Canadian 
standard testing machine. Briefly, this machine consists of three screens 
(1/2-inch-mesh, 4-mesh, and 10-mesh) and a box for the shortest material. The 
four figures in the designation of the grade indicate the number of ounces 
from a total of 16 that is retained in each of the four receptacles. Thus a 
fiber designated 2-8-4-2 signifies that of the 16 ounces, 2 ounces remained on 
the top screen, 8 on the second, and 4 on the third, and 2 ounces passed 
through all the screens into the box. 


Originally, the two longer crude grades were produced by hand-cobbing, 
that 1s, hammering off the rock adhering to fiber bundles. This method later 
was replaced by mechanical cobbing, which consists essentially of passing the 
ore through a jaw crusher and a set of rolls, then over a single-deck screen- 
ing unit composed of three segments, each covered with screen of proper mesh 
Size to produce the four crude grades. The flow of material over the screen 
was accomplished by longitudinal shaking or by bumping. 


The crude asbestos produced by this separation method retains more or 
less of the natural solid form in which it occurs in the veins. The spinning- 
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grade products, Nos. 1 and 2 lengths, require more processing to separate and 
to open the fibers. This processing is done at the textile manufacturing 
plants. 


In order to market the shorter grades of Arizona fiber more complex mills, 
designed to recover and process these grades further, gradually evolved. 
Recrushing in stages is followed by screening and air separation of the fiber 
from the rock. 


At the Jaquays Mining Corp.'s Globe mill (fig. 32), the reject from the 
cruding section is fed to hammer mills where the shorts are fiberized or 
opened into a fluffy form. The enclosing rock, mostly brittle serpentine, 
pulverizes easily and is separated from the fiberized asbestos by fine-mesh 
shaking screens. The fiberized material is then air lifted from the screens 
and transferred as a finished product to the bagging room. 


The fineness of the final fiberized product can be controlled by adjust- 
ing the fineness of the mill rock that is fed to the hammer mill, or by adjust- 
ing the retention period in the mill. These adjustments are made in order to 
furnish the particular grade desired by various customers. 


The flowsheet of the Globe mill is shown in figure 33, The capacity of 
the plant for producing crude grades is 1-1/2 to 2 tons of mill rock per hour. 
The capacity of the fiberization equipment depends upon the grade of the pro- 
duct desired. For instance, the triple A (a blended grade) can be produced at 
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FIGURE 32. - Globe Mill of the Jaquays Mining Corp. 
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the rate of 1 ton per day; other filter fibers can be processed at the rate of 
2 or 3 tons per day. One 8-hour shift per day suffices for efficient and bal- 
anced operation of both the mine and mill. 


Each piece of equipment in the mill is driven by an individual 220-volt 
motor, ranging in size from 1 to 80 horsepower. The combined horsepower rat- 
ing of the various motors totals 293, but the electrical consumption records 
indicate that an average of only 180 horsepower of electrical energy is con- 
sumed in the milling operations. 


The production rate of the mine and mill for the S-year period 1954-58 is 
shown in table 8. Also shown for 1958 are the percentages of crude grades 
and filter fiber in the total asbestos production, in the millfeed, and in the 
total rock mined. 


During the period of 1952 through 1958 the General Services Administration, 
acting for the Defense Minerals Procurement Agency, authorized the establish- 
ment of an asbestos-purchasing depot at Globe for procuring the strategic 
grades of fiber. The Government purchase prices for the three crude grades 
were as follows: No. 1, $1,500; No. 2, $9003 and No. 3, $400. 


The purchase prices of the various grades of filter fiber are determined 
by negotiation between the buyer and seller, as are those of the crude grades, 
Since the close of the Government purchase depot. The various fiber products 
are purchased by the Spinning, wine, brewing, edible oils, electrical, and 
chemical industries, 


The mill tailings are marketable to a west coast firm that processes the 
tailings into stucco material, water paint base, etc. 


The Highway 70 mill, in construction in mid-1959 (fig. 34), will have a 
somewhat different flowsheet. than the Globe mill, which it will replace. 
Figure 35 shows the construction phase of part of the mill. At the left is a 
bank of screens, beyond which is part of the cruding section. Its hourly 
production rate is expected to be double that of the Globe mill. The proposed 
flowsheet, shown in figure 36, provides for the use of more screens for elimi- 
nation of dust from the fiber and for closer sizing of the products, 


The company plans to install an acid-treatment unit in the new mill in 
order to eliminate calcium from its various grades of filter fiber. The unit 
is to be designed to handle about 2 tons of filter fiber a day. 


Arizona is the only domestic source of natural low-iron chrysotile, which 
has great importance for electric insulation products, such as electrical 
tapes and cable covers. An iron analysis was made on several milled fiber 
samples that were available to the author. In the following tabulation, the 
Fej03 represents Fe dissolved by boiling HCl. The Feo is the Fe remaining in 
the asbestos after this treatment. Magnetic iron content was not determined, 
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FIGURE 35. - Interior of Highway 70 Mill Being Constructed. 
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TABLE 9, - Iron content in asbestos from several countries, in percent 


ATIZONAc cocccccccccveccsccece 
Cassiar, British Columbia.... 
Shabani, South Africa....eeee 
Canadas 6:0.0-0:0-<sie ciereaeies wo so 


Mill grade 


TEiple:-Ase<% 
Triple A.... 
C86) 2 aise aac 
SRiwreweewa ee 


Product 


Semifiberized.. 
ne ets Kee Swe 


Fiberized...ece 


Sondra O Oe s Siath ace ese 


The Arizona sample was from the Regal mines the low iron content is typi- 
cal of th2 fiber from mines in the district. 


COSTS FOR YEAR OF 1957 
The cost breakdown on a percentage basis for the year 1957 was: 


Percent 


Mining COStS..< oie sbsausewsereeeneeeseé GOe79 
Milling. COSTS ..6s<oueesieeweickeeiwewanue. [24504 
General: ExXPenS Cas.cdasieosaiess wererseeieew ee 8.37 
Depreciation, taxes, profit, etc........ 21.00 


TOU Ligases aeia be eb Ge bo laie ee wee ees 100, 00 
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